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Previewsself-renewal might provide selective
pressure to retain functional p53. Since
ASPP1 is a guardian of HSC integrity,
similar pressure may also exist to
maintain ASPP1 in hematopoietic malig-
nancies. Interestingly, genomic data
suggest that ASPP1 is not commonly
mutated or deleted in human hematologi-
cal cancers, but frequent downregulation
of ASPP1 mRNA, such as through pro-
moter methylation, has been observed
(Agirre et al., 2006). In the light of the find-
ings of Yamashita et al., it would therefore
be informative to assess the mutation and
expression status of p53 and ASPP1
together in hematological malignancies.
More broadly, the discovery of p53-
dependent and -independent roles of
Aspp1 in HSCs highlights the need toinvestigate roles of the ASPP proteins
beyond their regulation of p53. Therefore,
the work of Yamashita et al. both unveils
an important aspect of HSC quality con-
trol regulation and provides insights into
the control of apoptosis.REFERENCES
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Generating highly uniform clonogenic stem cell populations has been remarkably difficult with stem cells
from human small and large intestine. A recent report by Wang et al. (2015) demonstrated homogeneous
expansion of human fetal intestinal stem cells, providing a new culture system to understand self-renewing
mechanisms of intestinal stem cells.Intestinal epithelium is a rapidly self-
renewing tissue, and its proliferation is
confined to the bottom of crypts where
the intestinal stem cell niche exists.
Rapidly dividing intestinal stem cells
produce daughter cells that migrate out
of the crypt niche and differentiate into
transit amplifying cells. Recent research
identified niche factors that emanated
from the crypt bottom and regulate in-
testinal stemness. These niche factors
include Wnt, EGF, Notch ligands, and
BMP/TGF-b pathway inhibitors (Sato
et al., 2009; Sato and Clevers, 2013).
Under the presence of defined niche
factors, intestinal stem cells are capable
of forming organoids and indefinitely
self-renew and produce both intestinalstem cells and all types of differentiated
intestinal epithelial cells. In the organoid
culture system, intestinal stem cells also
require niche signals from adjacent
differentiated epithelial cells, such as
Wnt or Notch signaling from Paneth
cells, which precludes the generation
of a uniform clonogenic intestinal stem
cell population (Figure 1). A combination
of two small molecule inhibitors, which
activate Wnt and Notch signaling, miti-
gates dependency of Lgr5+ stem cells
on differentiated niche cells, resulting in
increased clonogenicity of mouse intes-
tinal stem cells, by up to 40% (100-fold
greater than standard culture condi-
tions) (Yin et al., 2014). However, the
combination of chemical inhibitors hasnot been applied to human intestinal
epithelium.
Wang et al. now developed a new
culture system that enables fetal human
intestinal stem cells to indefinitely propa-
gate as uniform highly clonogenic stem
cells, termed ‘‘ground state’’ stem cells
of the human intestine (Wang et al.,
2015). ‘‘Ground state’’ has been originally
used to describe the most primitive state
of embryonic stem cells (ESCs) and has
been useful for understanding the regula-
tion of pluripotency (Hackett and Surani,
2014). Here, in analogy with the ground
state of ESCs, Wang and colleagues
establish the elemental state of tissue
stem cells in vitro. They exploited feeder
layer culture methods originallyCell 17, July 2, 2015 ª2015 Elsevier Inc. 5
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Figure 1. Generation of Homogeneic Stem Cell Population In Vitro
(A) In intestinal organoid culture, intestinal stem cells require niche signals from differentiated epithelium, and organoids are composed of both stem cells (green)
and differentiated cells (gray).
(B) A homogeneous intestinal stem cell population is generated using the ISCGS culture system. Intestinal epithelial colonies are composed of uniform intestinal
stem cells (green) on fibroblast feeder layer (gray).
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(Rheinwald and Green, 1975) rather than
the so called ‘‘next-generation 3D cul-
ture’’ platform (Sasai, 2013). They identi-
fied that a combination of intestinal stem
cell niche factors and feeder layer main-
tains the ground state of fetal intestinal
stem cells (ISCGS) (Figure 1) that showed
a high colony formation capacity of over
50%. Organoid culture employs a Matri-
gel-based 3D culture platform that in-
cludes defined niche factors while ISCGS
grows on a feeder layer of fibroblasts un-
der the presence of similar niche factors.
Withdrawal of the Wnt enhancer R-spon-
din from culture medium causes ISCGS
to irreversibly differentiate, highlighting
the essential role of Wnt signaling in the
maintenance of ISCGS. Notch signaling,
another essential niche signaling factor
for the maintenance of intestinal stem
cells, is indispensable to keep ISCGS un-
differentiated, as addition of a Notch in-
hibitor significantly reduced colony-form-
ing efficiency. It remains unknown
whether ISCGS activate Wnt and Notch
signaling on their own or whether the
feeder layer cells provide those ligands.6 Cell Stem Cell 17, July 2, 2015 ª2015 ElsevThere is also a possibility that an unknown
factor secreted within the culture system
exerts epistatic effects on differentiation
that dampen the necessity of Notch
signaling for maintaining intestinal stem-
ness (Yin et al., 2014).
Wang et al. have further developed air-
liquid interface (ALI)-based differentiation
culture methods to induce the differentia-
tion of multiple cell types and stereotypic
morphogenesis resembling intestinal villus
structures (Wang et al., 2015). Upon ALI
differentiation, ISCGS underwent differenti-
ation that strictly reflects the rostral-to-
caudal (anterior-to-posterior) segments of
intestinal epithelium in the body. Although
they display a seemingly quite similar
morphology and gene expression pattern,
ISCGS undergo origin-dependent differen-
tiation, underscoring the existence of pre-
determined region-specific genetic codes
in ISCGS. Notably, genetic profiling of
ISCGS from different segments of intestine
revealed differentially expressed gene sig-
natures. For example, GATA4 and GATA6,
known transcriptional regulators for prox-
imal intestinal specification, are specif-
ically expressed in ISCGS from proximalier Inc.regions. These results indicate that the
ground state of intestinal epithelium is
maintained through the same culture
condition; however, region-specific differ-
entiation is inherently derived from the
founder cells,most likely throughpredeter-
mined epigenetic codes. The region-spe-
cific gene signatures might be useful for
the development of reprogramming-
based generation of intestinal epithelium
mimicking certain segments of the intes-
tine. Although Wang et al. have demon-
strated stable lineage differentiation in
ISCGS, it is worth noting that fetal mouse
intestinal organoids could transdifferenti-
ate into colonic epithelium upon transplan-
tation onto damaged colonic mucosa
(Fordham et al., 2013). Further studies are
warranted to identify the factor regulating
the stability or plasticity of region-specific
differentiation for intestinal epithelium.
The findings of Wang et al. provide in-
sights into diseasemodeling and regener-
ative medicine. Pseudomembranous coli-
tis is an inflammatory disease caused by
overgrowth of C. difficile after antibiotic
treatment. Wang et al. treated ALI-
differentiated epithelium with TcdA and
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C. difficile, and observed a cytopathic
response of epithelium resembling that
of pseudomembranous colitis. Similar
disease modeling has also been reported
with iPSC-derived organoids (Leslie et al.,
2015); however, the sheet-like structure
of ALI-differentiated epithelium may pro-
vide easier experimental approaches
to analyze bacteria-epithelial interaction
and epithelial paracellular permeability.
Although the present study was limited
to fetal intestinal epithelium, its applica-
tion to adult intestinal epithelium will
be awaited for disease modeling from
patient-derived epithelium. ISCGS main-
tained robust genome stability during
rapid expansion over 100 days while
retaining lineage differentiation capacity,
making ISCGS a feasible resource of
regenerative medicine for severe intesti-
nal mucosal injury including inflammatory
bowel disease. Currently several culture
protocols have been reported to propa-
gate intestinal epithelium and further
investigation will be required to determinewhich cell sources are safe and more
effective for regeneration of the intestinal
epithelium. The multipotent differentiation
of intestinal epithelium remains unim-
peded in adult intestine. In contrast,
pancreas duct epithelium gradually loses
endocrine lineage differentiation capacity
during its development. In this sense, the
application of ground state stem cell
technology to other columnar epithelial
tissue, such as the pancreas, is also
largely anticipated for regenerative
medicine.
Collectively, the ISCGS technology
has opened new avenues for stem cell
research. Analogous to the establishment
of ground state pluripotency that has
contributed to significant advances in
ESC/iPSC fields, the understanding of
the underlying mechanisms that regulate
ISCGS will bring further excitement in
tissue stem cell biology. Moreover, the
advanced understanding of tissue stem
cells holds promise to complement cur-
rent regenerative medicine centered on
iPSC technology.Cell StemREFERENCES
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